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The dumpy locus (dp) located on the chromosome 2 at map position 13.0 is among the loci intensively studied in Dyosophila.
Its usefulness and suitability for mutational studies derive from the findings that (i) it is a complex locus (or a closely linked group of distinct genes) with no less than 7 mutational sites Grace 1970) , events at which are phenotypically detectable in certain combinations; (ii) the locus is much more sensitive than others to radiation as well as chemical mutagens Carlson and Oster 1962; Oster 1963; Jenkins 1967; Corwin 1968) and (iii) the induced events at this locus involve presumed point mutations as well as those associated with chromosome breakage, the latter resulting in extreme phenotype Carlson and Oster 1962) .
In an attempt to shed more light on the nature of radiation-induced dumpy mutations, a comparison was recently made by Inagaki et al. (1974) for the dose-frequency patterns between the different kinds of dumpy exceptions induced by X-rays in mature sperm. The experimental data revealed that (a) the yield of dumpy exceptions of the o and v types increases with exposure up to 3,000 R beyond which there is no further increase; (b) the frequency of the of and the lv exceptions tends to increase faster than linearly with no evidence for a decrease at 4,500 R; (c) the exposure-frequency relationship for the ov and olv exceptions does not depart from linearity; (d) the over-all frequencies of o, v, of and lv at the three exposure levels (1,500, 3,000 and 4,500 R) are also consistent with linear increase with exposures and (e) the frequency of fractional dumpy mutants appears to remain approximately the same irrespective of the exposure. Although the data cannot be considered as more than preliminary results on which a more thorough analysis will have to be based, the authors were inclined to suggest that the exposurefrequency relationships for the different kinds of dumpy mutations are different. Definite evidence apparently supporting the above observations has been recently obtained in a large-scale study of Fujikawa et al. (1975) . More information about the spectrum of X-ray-induced dumpy mutations especially in various experimental conditions under which mutagensis by ionizing radiation in Dyosophila may be well subject to modification seemed to be needed before the picture of dose-response curves for the different kinds of dumpy exceptions could be properly interpreted.
In view of this it was thought desirable to obtain a detailed picture of sensitivity patterns of the different types of dumpy mutations induced by X-rays in different stages of spermatogenesis of Drosophila.
MATERIALS AND METHODS
For all experiments three day-old males of Drosophila melanogaster having the constitution scS1 B 1n49 sc8/BS Y sc8 were X-irradiated with a dose, 1,000 R, delivered at the rate of approximately 115 R/min. The X-ray machine was operated at 200 kV, 25 mA, 1.0 mm Al plus 1.5 mm Cu filtration.
Tests for the dumpy mutations were made by mating those males to y w m f; dp virgin females.
The frequencies of induced mutations in successive stages of spermatogenesis were studied by making two-day brood changes with 3 females per male per brood.
With this mating procedure, mature sperm are probably sampled in brood A, late spermatids in brood B, early spermatids and presumably late spermatocytes in brood C, early spermotocytes in brood D. Broods D and E are, at least at the dose of radiation employed in this study, characterized by a high degree of sterility, but the mutation frequencies in brood E are low in comparison to those observed in brood D, suggesting that in brood E spermatogonia may also be sampled. The induced F1 dumpy mutants were classified according to their phenotypes (see Carlson and Oster 1962) . Generally, three phenotypic expressions characterize the dumpy locus; (1) truncated wings (o), (2) thoracic vortices (v), and (3) an embryonic lethal (1). The different mutational sites in the locus are associated with the various combinations of phenotypic expressions (e, g, o, v, 1, ol, lv, ov, olv) ; ol, lv, ov and olv represent alleles bearing combinations of two or more of the three basic phenotypic expressions.
All of these pseudo-alleles, except for the l allele, express a distinct phenotype in heterozygous condition over the ov allele, enabling the induced trait to be easily classified in the F1 progeny.
Although the stocks in the present study were used primarily for the detection of mutations at the dumpy locus, they also permitted the detection of mutations at other visible loci located on the X-chromosome.
The data will be presented elsewhere. The necessary statistical tests of data obtained in the present study were tested using Kastembaum and Bowman's tables (Kastembaum and Bowman 1970).
RESULTS AND DISCUSSION
The results on the induction of various types of complete dumpy mutations following an X-ray exposure of 1,000 R in male germ cells at different post-meiotic stages are summarized in Table 1 and diagrammed in Fig. 1 . Since the numbers of isolated mutants in each sampling brood are not large, the mutation frequencies in the table are given as the average of those obtained for the following groups of dumpy phenotypes: o and v; of and lv; ov and olv.
As may be seen in Fig. 1 , the over-all frequencies of recovered complete dumpy mutations are relatively similar in the first two broods (broods A and B), begin to increase gradually in brood C, reach its highest level in brood D and decline sharply in brood E, indicating a familiar brood-pattern shift of a rise of mutation frequency in an intermediate brood (here the brood D) followed by a steep drop in late broods. The frequency patterns for dumpy exceptions of the (ol, lv) and (ov, olv) types over the five sampling broods are practically similar to that observed in the total dumpy mutations. No such differences in brood-mutation pattern are found, however, with respect to the yield of the (o, v) exceptions, these exceptions being recovered very rarely or not at all in broods, B, C and D. Thus, all these observations, first of all, indicate that a variation 1. Frequency patterns of complete and fractional dumpy mutations following exposure of 1,000 R to male germ cells at different stages (Data from Tables 1 and 2 ).
in the over-all frequencies of recovered complete dumpy mutations in the different germ cell stages is mainly a reflection of the response pattern of the ol, lv, ov and olv exceptions. Probably, the different kinds of dumpy exceptions may have differed in the mutational response of their respective sub-genes (or sites) or may have represented chromosome changes vs. gene mutations. Carlson and Southin (1962) had already reported that X-ray-induced dumpy mutations (complete) usually come in from a mixed class of breakage events and gene mutations.
According to their data, about one-fifth of the ov exceptions and about one-third of the olv exceptions are associated with rearrangements of deficiency, whereas the exceptions of o, v, of and lv types do not suggest an origin from breakage events.
However, our present results (Fig. 1) have revealed that there is striking difference in the brood-mutation patterns between the (o, v) and (ol, lv) exceptions, the implication being that the mechanisms involved in the induction of the two classes of dumpy exceptions may be different from one another.
Such differential response patterns between these two classes are not unexpected in view of our earlier findings (Inagaki et al. 1974 ) that the dose-response curve of the of and lv exceptions tends to increase faster than linearly whereas that of the o and v ones exhibits plateau at higher dose levels. Recently, Miyamoto (personal communication)
who conducted an examination of the oxygen enhancement ratio for X-ray induction of the different kinds of dumpy mutations have obtained evidence that the of and lv exceptions probably involve the changes arising from chromosome breakage events, but the o and v ones do not. Taking all these findings into consideration, it may be said that the frequency of mutations of a type which are seldom associated with structural changes (here those of the o and v types) is affected little or not at all by the difference in germ cell stages, while mutations which are often associated with structural changes (here those of the ol, lv, ov and olv types) are induced with a higher frequency in the germ cell stages with hyper-radiosensitivity.
However, since our knowledge of the radiation mutagenesis at this locus is still very limited, it seems judicious to consider the above interpretation proposed as tentative at this moment. Indeed, many details have still to be solved before the processes involved in the production of the different kinds of dumpy mutations are even reasonably understood.
In this context, it is perhaps worth mentioning the earlier observations published by Lef evre (1967) . He found that the frequencies of both viable and lethal mutations which result from chromosome aberration are much more affected by the irradiation of different germ cell stages than is that of mutants with cytologically normal chromosomes. Although this kind of contention does not seem to be in itself a new one (Lining 1952a, b, c; Muller 1954) , it seems very probable that various genetic changes may be differentially affected under different germ cell stages of maturity and that these variations in response would then offer a means for interpreting the processes involved.
An additional point of interest in the present data ( Fig. 1) is that the incidence of recovered dumpy mutations (total completes) in brood C is not so remarkable in the relative magnitude of increase as compared with that obtained in brood A (only border line of significance at the 5% level), although the yield of such mutations in brood D is clearly higher than in brood A. Since the experiments by Auerbach (1954) and Luning (1952a, b, c) it is a well known fact that spermatids are usually characterized by a higher sensitivity to the mutagenic action of X-irradiation than mature sperm. In fact, our subsequent investigation along the same line to the present study (unpublished), using a different strain of flies (Canton-S), indicated that a clear peak level in the frequencies of recovered complete mutations at the dumpy locus appears to be attained in broods C and D, a response pattern in the direction expected.
This discrepant results Table 2 . Frequencies of fractional dumpy mutations produced by X-ray exposure of 1,000 R in 4-5 successive two-day broods X-RAY-INDUCED   DUMPY  MUTATIONS  IN SPERMATOGENESIS  213 obtained by us may stem from strain-specific differences or from other variations in the sampling of various stages of spermatid development. An evidence against the interpretation in terms of sensitivity shifts might be seen in the data shown in Series 1 of Table 1 ; in this case the frequencies of complete dumpy mutations even in brood D as well as in brood C obviously remain at the same level to that recorded in brood A. Probably, this may be interpreted on the supposition that in the strain of flies employed in the present study a factor is operating to cause its actual decline, namely, a factor which tends to counteract the production or completion of the mutational event.
Unfortunately, more definite conclusions cannot yet be made in view of the variation in outcome between the replica experiments. Table 2 shows the frequencies of the different kinds of fractional dumpy mutations over the five sampling broods following an X-ray exposure of 1,000 R. The results are also expressed graphically in Fig. 1 . It is readily apparent that the bulk of recovered exceptions as mosaics is the o and v types. This is in contrast to the phenotypic distribution seen with the dumpy completes. Furthermore, the over-all frequencies of recovered fractional dumpy mutations appear to be relatively steady in the first four broods with tendency for a slight increase in broods C and D, and tend to decline in brood E. Indeed, the incidence of recovered f ractionals in broods C and D is far from being significantly different relative to that recorded in brood A. This finding seems to be well in line with the earlier observations on fractional dumpy mutations published by Oster et al. (1962) . They found that when spermatocytes and spermatids are irradiated, the frequency of such mosaics is probably similar to that produced by irradiation of spermatozoa.
Recently, Munoz (1972) who performed the necessary statistical tests of fractional mutations of several loci published in the literature (Altenburg and Browning 1961;  Sobels 1962; Matsudaira et al. 1964 Matsudaira et al. , 1967 Inagaki and Nakao 1966; Inagaki and Sobels 1972) showed that the evidence for the radiation-induction of fractional mutations at the y w sn loci (and other loci investigated by the Maxy technique) is at best meagre (none of the reported frequencies or rates was significantly higher than in the controls).
However, such appears not to be the case with the dumpy locus, since Fujikawa et al. (1975) have recently obtained clear-cut data showing that the frequency of X-ray-induced dumpy fractionals is statistically well above that of the control. In fact, the yield of recovered dumpy fractionals in the X-irradiated post-meiotic broods (with the exception of brood B) in the present study is also significantly higher than in the control, indicating that X-ray-induction of fractional mutations at this locus is not a rare event. If so, it seems reasonable to assume that the yield of dumpy fractionals induced by X-rays is also affected little by the difference in germ cell stages.
On the other hand, previously published paper by Carlson and Southin (1962) strongly suggested that the majority of X-ray-induced dumpy mosaics represent true gene mutations not associated with detectable breakage events. If their argument is valid, the present findings with the dumpy fractionals might also constitute an another example suggesting that only mutations involving an origin from breakage events show a stage-dependent sensitivity.
SUMMARY
The frequency patterns for the different kinds of dumpy mutations induced by X-rays in successive stages of spermatogenesis were studied by making two-day brood changes with 3 females per male per brood.
With this mating procedure, mature sperms are probably sampled in brood A, late spermatids in brood B, early spermatids and presumably late spermatocytes in brood C, early spermatocytes in brood D. The experimental results obtained indicate that (i) the over-all frequencies of recovered complete dumpy mutations are relatively similar in broods A and B, begin to increase gradually in brood C, reach its highest level in brood D and decline sharply in brood E; (ii) the frequency patterns for the (ol, lv) and (ov, olv) exceptions over the five sampling broods are practically similar to that observed in the total dumpy mutations;
(iii) no such differences in brood-mutation pattern are found, however, with respect to the yield of the (o, v) types; (iv) the over-all frequencies of recovered fractional dumpy mutations appear to be relatively steady from stage to stage, although the majority of the fractionals are of the o and v types.
These findings indicate that the different kinds of dumpy exceptions may be differentially affected under different germ cell stages of maturity. Probably, this might represent a difference between point mutations and breakage events.
